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, , 'ABSTRACT
A Rthe impict sensitivityof' shell casings filled

This paper presents ,an analytic'method for with molten"explosives-when impacted'by secondary
studying themechanisms that lead tothe fragments. (It was determined inearlier experi-
detonation of-cased munitions filled With mental investigations'that' a'shell in the-molten
molten explosives whefiImpacted by large or Just-poured state was more sensitive to
concrete fragments, representing failed wall initiation than when the explosive was cool and
sections. This is a hngle degree of fredo hardened). The project was divided into two
dynamic struCtural' 'analysits:ethod~which parts.
makes-use of-predetimhinied, nonlineai load-
defletion characteristics-of the-shell The first part was an aqalytic effort whose
casin.. In the analysis de'scribid, the purpse was to predict the pressure buildup within
method was applied Wpredict the pressure- the molten explosive when the casing and the con-
time-history in the molten explosive when tained explosive interact with a secondarysubjected toi impact,. A reasonable comp~arisoni fragment. It is hy~thestzed that pressure build-

between analytic afid experimental" results ws up (or the rate of pressure buildup) and the
obtained. resulting rise in temperature 'i a godd easure

of ixplosive'detonatiop sehsitivity,.1The second part was an experimental ,effOrt
Whose aim was to ascertaIn the credibilityand

INTRODUCTION accuracy'of'the analys1i, Instrumented, full
scale experiments were performed to obtain'

At onestate of the munition production pro- quantitative data"for comparisonwith analytic
cess, molten explosives are-poured into empty shell results. The experiments also provided an in'
casings. At this, andmost stages of the produc- 'sight into what was occurring during the impacttton procesi there is a finitte probability that in, Prpcess'and thus hKelped-gutde the analysis.
accidental- explosion may occur. To limit the

propagation-of an accidental explosion, the pouring ANALYSIS OF SHELL EXPLOSIONS DUE TO
area is subdivided intosmaller areas separated by IMPACT BY LARGE CONCRETE'FRAGMENTS 4
reinforced concrete walls. This does -ot com-
pletely eliminate the danger of propagation Figure I is a schematic showing the shell-
because an explosion ina cubicle cancause some fragment c6nfiguration i6alyzed. The sliell
breakup of dividing walls, producing-energized casing, open-at its apex and' completely-filled
fragments which may impact shell casings in with molten explosive, is stationary on the J

neighboring cubicles thus possibly-producing ground plane. At the time of impact the explosive,
additional detonations. Whether 6r not a- explo- is at- a-sufficientlyhgh temperature to be in a
slon is produced by such impact depends on the liquid state. Tho fragment, a concrete cylinder,
dynamicpressuresproduced within the molten is'movig in a horizontal direction with veocty,
explosive, which in turn depends-on the mass of the V. Theconditions are-assianed-to be such that
impacting fragment, its impact velocity, point and during inAct the shell csing Will be plastically
angle of the impact, etc. The size of fragments deformed and.will experience an acceleration. The
produced-by a separation wall depends on the plastic deformation of, the casing will cause the
physical characteristics of the'wall, i'.e. rein- molten--explosive to be pressurized and tobe
force-ment details, concrete srength, aggregate forced't& flow up and thr6ugh thefillingorifice
size, 'thickness, span, support conditions, etc. at-thi apex of the'casing. 'This pressurebuildup
-It also'depends on the intensity and distribution during -the time,6f impact and-the associated
of'the blast load produced by the donor charge on temperature rise, I s hy0othesi ed to -be a-ineasure
the dividing wall'. for determining if the explosive Will detonate.The analytic procedure used to obtain the-pressure-

Thi's paper describes a project (Ref. 1).whose time relationship in tie explosive during ,impact
objective was to,-study ,the mechanisms controlling 'is described next.
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A of internal pressure. Also, at least for-this
A shell casing; tbrewas- essentiailly-ho change in

the orificeaArea with-change in deflection, see

Liquid Explosive 
Fig. S.

Concrete Cylinder"

Shell Casing

FIG. 1.. -Shell-Fr.qment Configuration,

Analytic Solution Requirements

'Theanalytid solution is a single-degree of
freedom dynamic.analysis which reqtires certain
postulated-explosive, shell casing, and fragment
interaction characteristics-which are the
following':

1. Force-deflection characteristics (resistance
function) of the shell casing

2. Voluae- versus-deflection characteristic of
the shell casing

3. Orifice area versus deflection-characteristics

For the purpose of determining the force- FIG. 2.-Finite Element Mesh of One Quarter of the
deflection characteristics, the-shell casing-was Shell
assumed to be restrained in the horizontal-,direc-
tion-onlysall along the line foried by the inter-
section of the midplane of the shell surface-and 4-o
,the-vertical, plane whose-edge view is indicated by
line A-A 'inFig. 1.- Making use of ,the shell
symmetry, one-quarter of-the shell surface is
modeled for finite element analysis-as shown,-in 1000 Pit
Fig. 2. Thickness is varied along the height in x 100 pil
discrete intervals. ANSYS (Ref. 2) finite element 4 o / - .
computer program which meets the requirements of- 200
large deflection and plastic deformation of the
casing material', was-used in the analysis. Force- U

deflection characteristics were obtaihed~by ,9
imposing deflections and thn computing the dorre-
sponding-forces requiiid-to produce them. Nflec-
tions were imposed on the shell casingat nodes
representn an aiea- approxioately equal' t6 the, 0
contact-area-between the casing and,the impacting - 0 1.0 1.5
concrete cylinder'. Load deflection characteristics
were determinedfor three pessures applied to-the Deflection, (nches)'
interiOr of'theshell. -Reslts are shown inFig.
3. Along witti -force-deflection characteristtics-of
,the shell casing, -volume-deflection andorifice
area-deflecti6n' chaeactet tstkcs weeobtai ned'
fromthts analysis. These, results ate shown in, FIG. 3.-Force Versus Deflection Characteristics
Fig. 4-and-Fig. 5 respectively.' -It will-be-noted of the Shell Casing for Indicated
that bothof -these characteristics are independent Internal Pressures
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FIG. 4.-Volume' Versus OeflectionChitscierisfic FIG. 6.-Pressure Versus Flow Rate for Three
- of thei ShellCasing Orifice AAreas

_____________________________in the fnitial analysis it, was ,assumed that the
4Opsi molten explosive was-incompressible.' Analytic

to s ~results usin this assumption showed la'rge rapid
A.190, P51 changes in the liqui'& ixplosive pr'es'sd'r'e sugge'st-

*ing compressibility. The analysis was modified to
take, i nto account flIui d -compressi b11 ty.' , In the
fnodified'aalysis thecharacteristics 'shown in

2 -Fig. '6 are still-.used, 'however the; corresponding,internal ~pressure isimodified on 'the basis of the,
bulk modulus of the explosie, i'.e.

000. whereB -,the bulk modulus taken.,as 58OOOO0 psi
0 005 1Pa the~weight density, of the~molten,

explosive-
Deflection (inches) ap * change in internal pressure

Analytic. Solution procedure

DefectonAs jindicated,,earl-ier, theanahlytic solution ,-is
FIG. 5,-Orifice Area Versus Delcina single-degree of freedom~analyfs's. Refei'ring

Characteristic of the Shell Casing to, Fig, 1, assuming th'at~the''coner.te~cylinder and
the shell move, n a *straight l'in'e, the equationsNext, we were concerned' with the flow, of motion and -initial- conditions are-given as'

chirateristics of the molteptexplosive through follows:
the filling orifice of the casing. The flow is
dependent-in 'tMheific6 areas,'the fluid pressure, M'c -F '(3)
viscosity and' the orifice-coefficient. The c - :(
following formu'.3 (Ref. 3) was used to relati' the MH ks o "4
flow rate, Q to the internal pressure, prof the

liquid explosive and other parameters. whereMc and H5 ~represent the-mass of the cylinder
and thO shell casing respqctively. 'F -iU'he inter-

cylnde, adk ,indksare'the center of gravitytheconret' clinerand-the

g - cc~lraton~de tgravity
y wigt-enit o temolten explosive, The 'Initial conditions for -the concrete

taen4,4;roiat'y,5lb/cu ft cylinder, and,theshel f are (at t4O, iuipAct is,

'Fo caaceisis~r Iso n Fig. 6 fo he, drAs-qa-t V s, the' initial-,velocity of. the
eqa ozero. The initi'al' ipaeet

xc ad x, of th c~inder' and the shell are.-equil
td zrd. ulerequations were used in-the' Inte-
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~ ti t) = **(t)' +*(t)At (b
x (t+ At = xt) ±(6); in Fig 7-. Ah 'ir 9un4s th n-Uie4d tb launch,
X, (t, + t-)t=h4Wcon!crete-,fragment ,at :the shellkcasing , o ,inipat

at a s§dif-iid Miiingointi 'Thi-,ohrete-frgment

The solution-p0rocedure is-detatis4d beow. -weights-' ere~used 1tiw s -~istudy (Ref. 1);,2-ftand
,4it'on,and,wighing,.200 -1bs' and 400-lbs' v~spec-

Sal ution Procedure- tively. The ,insti nntatidnon-nsied- of a pre's-
sure Tsensor, 1odated-.-Within ithie liquid'for measuring

1. Read-data describing -the system -the -pressure-timei hi story during Ampact. , Photb.;
2., 'Sittime to zero (t=0).and displacements and grapicoverag'e was- provided to-measure the impact

vel6cities, to heir initial -valhes. Sit velokity-6f, the concrete cylinder..
initial 'internal preisure to zei',, -and-the
orifice aria-'and thO casing volume -to the.
initial values.

3. Printo ut time and-,pressure
4. If time-exceeds maximum Value, stop.,
5. From forceldeflection-Oressure curves (Fig. 3)

-determine the interaction force, F. Note Al10
that the cain§ deflection-,6, is the-differ- A~c

once in the cylinder and shell motions
J displacements),.Le. &a *xc-xs.

6. ompute cylinder and shell accelerations, see Trt"

equations (3) and. (4),.
7-. Use--the Euler integration formulas,

expressions (5) and '(6)j to determine
velocities and displacements of 'the cylinder
and the casing at time t + At. *Update time
to t + At.

8. Determine. shell casing-volume, using volume.!
-deflection-pressure curve (Fig. 4)., Comrpute
volume' rate of flow from difference in'-voluime
from-,previous time stip-zdividid by time step,

At. FIG4 7.-;Secondary;Fragments 1mpact Test Site

.-Determine orifice area i'ron orifice area-
1.defledtion-prcssure curvet (Figt. 5).
1.Determine~new internal -pressure from

pressure-;volume' flow rate-area curves -Selected 'Results
(Fig 6).Figure ,8 shows an -experimentally ~deternnined and,

Steps 11 through 13 represent an the correspo n ding'analytic pressure-time history.
iterative-procedure used to take This par'ticular-experiment dealt with~a 4.2-?in.
into' account the compressibility mortar sIl;0 f illed wi th-Glycerol, and water at-
of the liquid-explosive, ambient 1.e--ipeature. A concretetcylinder, ,simulat-!

in a-wal fragih~t and-weighing 200 lbs'.i impacted
i1i Determine the change. in pressure over the 'the shel' t 272 ft/sec t'a- point 4,.25'in below -

time step At and computet t he change in the the fill-nii orifice. In terms of the shape of the
weight density 6f the -iquid explosive, see, .Prssuretlime-historyi-dura'ioin and-peqak pressure,
-Eq. (2). the coeluk- r! son- between-:experfmental -and analyti-

12. Determine the-new weight densityi results tfkpe-art to be faVorible.. Similar-compari-
13; Determine the change in volume dudrtu the.1 sons Ore 9btained for-otherepiperiments condudted

change in- the we, ght density.'- Compke~-the in thexc~urse-of the.study.
volume rate of flow. OdUIN-NRCW DAiS

Continue the iteration until tne
change- in volume is smaller thin A: tinple analyticiimethod was, formulated- for
a -preassigned value. prredktikgpressure'l- ii- hi'stories in shell-

casipgs 'filled-with molten e4xplosiivei whien, in.
14. Return to step 3 and continue. pacted- by second'ary fragments. :,Analytic results

EXPEIMENAL EFORTcompared favorably with experiments.

Additional analyses are required to study the
The purpose of the experimental effort was to -sensitivity -of results for a larger-,set of experi- I

measuri -the pressure-time history within -the nie nts with the objective of improving the accuracy
l ten explosive when the shell containing it is of -the predictive method. To date four other

impacted by-a-concrete fragmnt. ,The-experi - experimental'-programs-have been -conducted -on- the
mental setup is depicted, in Fg, . A'shell sensitivity to impacti by large concrete-fragments,
casing, containing-~a liquid, Glycerol, of the of a variety of molten and ambient temperature
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expeimentkal-rgr apa ytcof
time' curVes.shoud' e ri~formf'd. 4_fth A largir,

n 0:0',6fcurvesi.-an hec larger -nuinbe'of test,.
iotions, o"ould lbie able to -distinguiish
'betikesiire-.si "tre "conditions' for expl os i on .'nd
no ,reaction. 'rhe. scopeof thsmto ed~obe
f Urktlepr.exjandid to s:tudy~whether 'thei peakpiissure
fi 3tIe-Iid.eplosve,rate,obf pressure rise, -

etc. are. piaameters, which indlidually, or ~icin-
bi nittbnwiillPrdict the -,onset, of dtnto.
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FIG4 6.-Pressuri Versus Time Graph Lfor
Experiment 4 (Concrete-Projectile 200 lb.
at 272 ft/sec Velocity)
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